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The CMS CollaborationThe CMS CollaborationThe CMS Collaboration
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US CMS GROWTH
2003: FIU+Yale
2004: Brown + La.Tech
2005: Cornell +   

Vanderbilt +…
+ Redirection 29%

Bulgaria

CERN + 31 Countries,   ~2000 Collaborators
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US CMS Collaboration

Brown, UC Davis, UC Riverside, 
UC Santa Barbara, Fermilab,
Illinois-Chicago, Johns Hopkins, 
Kansas, Kansas State, Louisiana 
Tech, Mississippi, Nebraska, 
Northwestern, Rochester, 
Purdue, Rutgers, Texas Tech  

Trackin
g

Caltech, Fermilab, Minnesota, 
Northeastern, Princeton, Yale

ECAL

Boston, UC Davis, UCLA, UC 
San Diego, Caltech, Fermilab, 
Florida, Iowa, Maryland, MIT, 
Ohio State, Princeton, Rice 
Wisconsin 

Trigger 
/ DAQ

Boston, Fairfield, Fermilab, 
Florida Int’l, Florida State, 
Florida Inst. of Tech, Illinois-
Chicago, Iowa, Iowa State, 
Maryland, Minnesota, 
Mississippi, Nebraska, Notre 
Dame, Princeton, Purdue, 
Rochester, Texas Tech

HCAL

UC Davis, UCLA, UC Riverside, 
Carnegie Mellon, Fermilab, 
Florida, Northeastern, Ohio 
State. Purdue, Rice, Wisconsin

Endcap
Muon

InstitutionsSubsy
stem

US CMS CollaborationUS CMS Collaboration

40+ institutions,  500+ members
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The LHCThe LHCThe LHC

CMS

ATLAS

R = 4.5 Km
E = 7+7 TeV (pp)

crossing rate
=40MHz

(25nsec)

design luminosity
= 1034cm-2s-1

~20 pp interactions
per crossing
at design luminosity

First beams summer in 2007

h 4 µ with 20 min. bias evt.
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LHC Dipole Magnet

March 7, 
2005

LHC Dipole MagnetLHC Dipole Magnet
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The CMS detectorThe CMS detectorThe CMS detector

All silicon tracker
micro strips   (10M ch)
pixel                (60M ch)
(5.4m long, 2.4m Φ:  |η| <2.4)

Hermetic calorimeter
ECAL: PbWO4 crystal
HCAL: brass+scinti.

( |η| <3.0)

in 4 Tesla solenoid
(12.5m long, 6m Φ in)

Robust muon system
DT+RPC (barrel)
CSC+RPC (endcap)

(in iron yoke: |η| <2.4)

Fast cerenkov calor.
quartz fibber 

( 3<|η|<5)
Total weight           12500 t
Overall diameter    15 m
Overall length        21.6 m



@ Texas Tech,  28-April-2005  S.Kunori 8

CMS at LHC Point 5

UX5 about 100 
meters underground

CMS at LHC Point 5CMS at LHC Point 5
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HCAL barrel

Surface buildings and main shaft HCAL/Muon endcap
My slide from 2003

Muon barrel yoke

Installation of the first muon chamber
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My slide from 2003
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February 1st, 2005



@ Texas Tech,  28-April-2005  S.Kunori 12



@ Texas Tech,  28-April-2005  S.Kunori 13

Endcap Muon: CSC Installation
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Barrel MuonBarrel Barrel MuonMuon
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Superconducting
Solenoid
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Muon Ring-0 and Vacuum  TankMuonMuon RingRing--0 and Vacuum  Tank0 and Vacuum  Tank

2003
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The 5 coil modules will be stacked 
vertically on a Swiveling Platform. 
The coil will then be inserted 
horizontally

2003 Test

Test Coil SwivelingTest Coil SwivelingTest Coil Swiveling
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Heavy Lowering

YB0 (2000t)

Heavy LoweringHeavy Lowering

Heavy Lowering 
starts Feb.206.

15 Major lifts.
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CMS Collision Hall (UX5)CMS Collision Hall (UX5)CMS Collision Hall (UX5)
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HF (quartz fiber calorimeter)HF (quartz fiber calorimeter)HF (quartz fiber calorimeter)
Texas Tech

HF are first items to be lowered in Jan 2006.

CERN Building 186
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Silicon Tracker (Inner Barrel)
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Standard ModelStandard ModelStandard Model
Force

Matter

One missing piece:  Higgs – Origin of electroweak symmetry breaking?
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Physics at LHCPhysics at LHCPhysics at LHC
Standard Model

Higgs
Origon of EW symmetry 
breaking?   Mass?

Top, b-quark, …

Beyond Standard Model

Supersymmetry (SUSY)
Dark matter
Unify gauge couplings

Extra dimension
Little Higgs
Technicolor
Heavy Z’, W’
Black Hole
Quark substructure
:
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The CMS detectorThe CMS detectorThe CMS detector

CMS_Slice.mov
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HiggsHiggsHiggs
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HiggsHiggsHiggs
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SUSY SUSY SUSY 

An extension of Standard Model:

• Symmetry between bosons and fermions
• Many new super particles. 

Heavy s-particles

Solve several problem at once:

• Dark matter candidate (=lightest supersymmetric particle)
• Opening towards a theory of gravity
• Unification of gauge couplings
• Hierarchy problem
• Allows to explain why the Higgs mechanism works.
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SUSY Particle Decay Chain (example)SUSY Particle Decay Chain (example)SUSY Particle Decay Chain (example)
M0 = 60, M1/2=250, A0=0, µ=+, tanβ=10

MET + Jets

Trigger:
MET+Jets

or 
Leptons

Mass  560, 560

95

560, 610

95

560, 560

95

MET = Missing Transverse Energy
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SUSY SignatureSUSY SignatureSUSY Signature
Complex Topology First Event Selection

Multiple jets 
+

MET (Missing)
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Reconstruction of MassReconstruction of MassReconstruction of Mass

edge 78.9 +/- 2.1 GeV
(generated 78.2)

gluino sbottom

repeat
for non-b
squarks.

585.1 +/- 11.1 GeV 499.4 +/- 6.6 GeV
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SUSY SearchSUSY SearchSUSY Search
TeV scale SUSY should be found at LHC.     rather quickly…    If it exists.
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Physics SelectionPhysics SelectionPhysics Selection

LEVEL-1 Trigger 
Hardwired processors  (ASIC, FPGA)  
  Pipelined massive parallel 

HIGH LEVEL Triggers 
  Farms of 

processors

10-9 10-6 10-3 10-0 103

25ns 3µs hour yearms

Reconstruction&ANALYSIS 
TIER0/1/2 

Centers

ON-line OFF-line

sec

Giga Tera Petabit

Reduction:
1/1000

1/1000(~2000 cpu’s)

40MHz

100kHz

100Hz
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Offline ComputingOffline ComputingOffline Computing
Data Processing

• Full Detector Simulation
• Input – none.  Output - O(100M) events per year.
• CPU intensive (a few minutes per event) & 1PB data.

• Use many CPU’s O(10K) in distributed world.
• Transfer events to CMS data centers to store.

• Event Reconstruction
• Input & Output - O(1G) events/year
• CPU intensive & O(1PB) of input/output data.

• Process events at CMS Tier-0 center and store. – a few K CPU’s.
• Reprocess a few times at Tier-1 centers.

Data Access
• Physics Analysis – find signal events from huge back ground.

• Interactive or batch analysis by ~2000 Physicists at T2, T3, …
• O(100M) events or less per analysis.   Repeated access.
• I/O intensive

• Reduce event size and condense signal data sample – traditional way.
• Grid
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CMS Data GridCMS Data GridCMS Data Grid
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Next – move from R&D to integrated production system. Vicky White
Fermilab
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GIRD3 and US-CMS Tier 1/2GIRD3 and USGIRD3 and US--CMS Tier 1/2CMS Tier 1/2
Coordinated effort toward production system – started at SC2003
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CMS Data Challenge ’04 using Grid3
(50M events GEANT4 simulation  worldwide)

CMS Data Challenge ’04 using Grid3CMS Data Challenge ’04 using Grid3
((50M events GEANT4 simulation  worldwide)50M events GEANT4 simulation  worldwide)

~1200 CPU’s

Nov’03 July’04

Sites on Grid
Events simulated
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Vicky White
Fermilab
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FNAL-CERN Service Challenge
Transfer over LHCNet (Starlight – CERN)

FNALFNAL--CERN Service ChallengeCERN Service Challenge
Transfer over Transfer over LHCNet LHCNet (Starlight (Starlight –– CERN)CERN)

Hour
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CERN-US: Fall 2005 PlanCERNCERN--US: Fall 2005 PlanUS: Fall 2005 Plan
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DOE Science Network RoadmapDOE Science Network RoadmapDOE Science Network Roadmap



@ Texas Tech,  28-April-2005  S.Kunori 43

LPC and ROC at FermilabLPC and ROC at LPC and ROC at FermilabFermilab
LPC (LHC Physics Center)

A gathering place and a focus of 
expertise on all aspects of analysis, 
software and event processing, 
convenient to US physicists
A center of excellence for LHC physics
A place to train students/postdocs
A place for workshops/conferences
A development center for software 
and physics analysis development
A tool to encourage a graceful 
Tevatron LHC transition

ROC (Remote Operation Center)
Test Beam (HCAL, MUON) started in 
May 2004
Active shift operation, often-daily 
conclave to monitor/analyze test 
beam data from FNAL

Meeting 
Rooms

Visitors
Area

Remote 
Operation 
Center

FNAL 11th Floor
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ConclusionConclusionConclusion

LHC and CMS start in 2007. First physics run will 
be in 2008.

We expect rich physics at the new energy 
frontier.

We are pushing Grid for global physics analysis.

I hope to come back here in 2008 to report 
“Discovery in proton-proton collisions at the 
LHC” .
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Additional Slides
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Vicky White
Fermilab
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Data Distribution
Physics Analysis 
at T2 / T3 / …

200TB Disk, 120 Dual CPU
2.5-10 Gb/s per T2

1 PB Disk, 4 PB Tape
10Gb/s per T1

>50

MC

Non CMS centers

CERN

FNAL

MC

Data DistributionData Distribution
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Internet2: Land Speed RecordInternet2: Land Speed RecordInternet2: Land Speed Record
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